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Tridirectional phase-contrast magnetic resonance
velocity mapping depicts severe hemodynamic
alterations in a patient with aortic dissection type
Stanford B
Matthias Müller-Eschner, MD,a,b Fabian Rengier, MS,b Sasan Partovi, MS,b
Roland Unterhinninghofen, PhD,c Dittmar Böckler, MD, PhD,d Sebastian Ley, MD,b and
Hendrik von Tengg-Kobligk, MD,a,b Heidelberg and Karlsruhe, Germany
This report describes flow patterns derived by three-dimensional (3D) three-directional velocity-encoded cine (VEC)
magnetic resonance imaging (MRI), in a patient with chronic Stanford type B aortic dissection. Acquired 3D VEC MRI
data illustrated an acceleration of blood flow through the primary entry toward the vessel wall of the false lumen, leading
to disturbed intraluminal flow. Furthermore, accelerated blood flow was observed in the partially compressed true lumen.
3D VEC MRI data may be helpful to guide physicians for a more comprehensive preoperative and postoperative
assessment of complex aortic pathologies. ( J Vasc Surg 2011;54:559-62.)
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lA relatively high incidence of increasing aortic diameter
and the potential risk for aortic rupture in Stanford type B
dissections require careful follow-up with noninvasive im-
aging.1,2 Currently, there is a search for advanced imaging
techniques in the follow-up of patients who have survived
the acute stage of aortic dissection to allow for prediction of
diameter increase. Three-dimensional (3D) three-directional
velocity-encoded cine (VEC) magnetic resonance imaging
(MRI), also referred to as 3D VEC MRI, is a method that
extends the technique of phase-contrast flowmeasurement by
vectorial velocity-encoding; that is, by encoding in all three
spatial directions in a volumetric data set.
3D VEC MRI enables visualization and interpretation
of pathophysiologic hemodynamics in the vessels of the
brain, neck, thorax, abdomen, and peripheral arteries.3-6
Velocity and direction of blood flow can be interpreted in
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doi:10.1016/j.jvs.2011.02.017ector field and streamline visualization.5 Apart from an
cquisition time of approximately 20 minutes, no further
ffort is necessary to acquire data for complex interpreta-
ion of 3D hemodynamics because it can easily be added to
ig 1. A and B, Postprocessing of aortic computed tomography
ngiography image by 3-dimensional volume rendering gives a
ood morphologic overview of the true and false lumen. C and D,
enterline analysis allows the depiction of the primary entry,
ocated approximately 1.5 cm distal to the left subclavian artery.he standard MR aortic protocol. Pathophysiologic find-
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Stanford type B dissection are presented.
CASE REPORT
A 67-year-old man was admitted to the Department of Vas-
cular Surgery with a diagnosed aortic dissection in 2001 when the
maximum aortic diameter was 4.0 cm. Although follow-up exam-
inations revealed a slow progression of aortic diameter up to 4.9 cm
in 2007, the aortic diameter remained constant during further
follow-up. The primary entry tear was located approximately 1.5
cm distal to the ostium of the left subclavian artery, corresponding
to Stanford type B aortic dissection. Aside from medically treated
Fig 2. Streamline visualization shows (A) parasagittal
double-oblique view of blood flow in the false lumen dis
local velocity in cm/s).
Fig 3. Vector field visualization shows (A) sagittal view
view of blood flow in the true and false lumen of the desce
in cm/s).hypertension, the patient had no further comorbidities. On the aasis of the initial computed tomography (CT) scan and the slow
rogression of aortic diameter, as well as the absence of symptoms,
est medical treatment (candesartan, bisoprolol, and amlodipine)
as favored over endovascular therapy.
Volume-rendered CT images (Fig 1,A and B) andmultiplanar
eformations (Fig 1, C and D) allowed for a detailed morphologic
ssessment of the aortic pathology. However, no physiologic
nformation for the hemodynamic variables could be derived.
herefore, after local Investigational Review Board approval,
D VEC MRI was acquired in 2009 in addition to standard
orphologic MRI to visualize and analyze blood flow patterns
nd thus to detect hemodynamically relevant changes in the true
of blood flow in the true and false lumen and (B) a
the primary entry (color-coding according to absolute
od flow in the true and false lumen and (B) a parasagittal
aorta (color-coding according to absolute local velocityview
tal toof blo
ndingnd false lumen.
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(Magnetom Avanto; Siemens Medical Solutions, Erlangen, Ger-
many)usingthe followingparameters: spatial resolution,1.51.52.1
mm3; velocity sensitivity, 150 cm/s along all three encoding
directions; flip angle, 30°; and echo/repetition time, 4.05/61.20
ms. Retrospective electrocardiographic gating was used to syn-
chronize the measurement with the cardiac motion (30 frames/
cardiac cycle were reconstructed). The in-house developed soft-
ware Mediframe5 was used for postprocessing to visualize and
analyze streamlines and vector fields. Streamlines colored by veloc-
ity showed an acceleration of blood flow entering the false lumen
through the primary entry (Fig 2, A).
Vector field visualization revealed a vortex formation at the
aortic bulb, representing a normal finding that was also observable
in healthy volunteers6-9 (Fig 3, A; Video 1, online only). Within
the false lumen, a proximal vortex formation deriving from the flow
jet through the primary entry toward the vessel wall of the false
lumen was visualized (Fig 2, B; Video 2, online only). Multidirec-
tional vectors with low velocities depicted disturbed blood flow
within the enlarged false lumen, leading to narrowing and partial
collapse of the true lumen and resulting in high unidirectional
velocities (Fig 3, Video 1, online only).
DISCUSSION
Noninvasive MR-based flow visualization and quantifi-
cation are possible by phase-contrast, imaging only the
flowing spins within the bloodstream. Standard imaging
protocols can be complimented by 3DVECMRI acquiring
three-directional velocity vectors over time (4D acquisi-
tion) without the need for additional contrast medium.
Understanding hemodynamics and interpreting their
meaning in aortic dissection is particularly challenging.
Pathophysiologic blood flow in other pathologies, such as
aortic and intracranial aneurysms,10-12 a thrombosed aortic
arch,3 and a sclerotic aortic valve4 and their associated
pathologic blood flow, were previously described using
tridirectional flow imaging. The idea is that 3D VEC MRI
may be helpful to guide physicians for the pre- and postop-
erative assessment of aortic pathologies with complex
blood flow or vascular shunts, atherosclerotic plaques, and
cardiovascular anomalies.3-6 Geometrically triggered
changes in blood flow characteristics, such as those shown
in the true and false lumen, might be a useful additional
clinical marker to evaluate the severity of the disease and
improve the assessment of its potential risk for progression,
including analysis of wall shear stress.13
The 4Dmethod presented offers a more individual and
comprehensive assessment of vascular alterations than
those acquired by standard morphologic and 2D functional
imaging. As shown by the supplied images and videos,
vortical flow in the false lumen might be a contributing
factor for chronic expansion of the false lumen leading to
further compression of the true lumen. This, in turn, might
result in further accelerated blood flow through the com-
pressed true lumen, with a potential impact on the distal
descending aorta. Current ongoing studies are aiming to
prove whether 3D VEC MRI is able to identify certainemodynamic patterns that will help to improve risk strat-
fication of patients with type B aortic dissection.
In addition, postoperative blood flow imaging may
elp to assess hemodynamics within reconstructed vascular
eometries and its relevance for potential development of
nastomotic aneurysm. Shorter acquisition times, semiau-
omatic postprocessing, and an improved signal- and
ontrast-to-noise ratio by intravenous contrast media14 are
echnical improvements that may help to establish this
echnique in clinical settings.
ONCLUSIONS
3D VEC MRI is able to visualize hemodynamic pat-
erns in a patient with chronic aortic dissection. In the near
uture, this may help to improve risk stratification for false
umen enlargement or even rupture.
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